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Description 



[TOUCH PAD AND POSITION DETECTING 
CIRCUIT AND METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93103590, filed February 16, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention generally relates to an input peripheral de- 
vice, and more particularly toa touch pad and a position 
detecting circuit and method thereof. 

[0004] Description of Related Art 

[0005] As the technology advances, the computer hardware and 
software are being well developed. Among those hardware 
and software developments, the development of the chil- 
dren educational hardware and software is one of the 
most important fields. To facilitate the childrens operating 
the children educational hardware and software, the touch 



pad generally is used as the input peripheral device. 

[0006] FIG. 1 is the simplified diagram of a touch pad. Referring 
to FIG. 1, the touch pad includes a sensing pad 110, a 
sensing pen 120 and a position detecting circuit (not 
shown). The sensing pad 110 has points A and B in the 
vertical direction and points C and D in the horizontal di- 
rection for receiving the input signals. Because the sens- 
ing pad 110 is uniformly resistance-distributed, the elec- 
trical field generated by the input signals will be uniformly 
distributed. Hence, the position detecting circuit can de- 
tect the position of the sensing pen 120 based on the 
sensing signal detected by the sensing pen 120. 

[0007] FIG. 2 is the waveform of the touch pad of FIG. 1 during 
the input operation. Referring to FIG. 2, during the stage 
SI, the same voltage will be applied to points A, B, C, and 
D. Hence, the sensing signal detected by the sensing pen 
120 is shown as the waveform E during the stage SI. The 
magnitude of waveform E will be used for determining the 
position of the sensing pen 120 during the stages S2 and 
S3. As shown in FIG. 2, during the stage S2, the same 
voltage as in the stage SI will be applied to points A only; 
during the stage S3, the same voltage as in the stage SI 
will be applied to points G only. Because the sensing pad 



110 is uniformly resistance-distributed, tlie waveform E 
detected by tlie sensing pen 120 during the stages S2 and 
S3 is shown in FIG. 2. The position detecting circuit will 
depend on the ratio of the magnitude of the waveform E 
during the stages S2 and S3 to the magnitude of the 
waveform E during the stage SI to determine the position 
of the sensing pen 120. 
[0008] However, the prior art has the following drawbacks: 1. Be- 
cause it uses the magnitude of the sensing signal de- 
tected by the sensing pen to determine the position of the 
sensing pen, it requires a higher resolution, which means 
that it requires more precise analog-to-digital converters 
and therefore it is hard to reduce the cost. 2. It is hard to 
control the preciseness and the specification for mass 
production by detecting the magnitude or energy of the 
induced voltage. 
Summary of Invention 

[0009] Accordingly, the present invention is directed to a touch 
pad and a position detecting circuit and method thereof 
without analog-to-digital converter (ADC). Therefore, the 
resolution can be easily expanded and the cost, the pre- 
ciseness and the specification can be easily controlled. 

[0010] According to an embodiment of the present invention, a 



touch pad and a position detecting circuit thereof are pro- 
vided. The touch pad includes a sensing pad, a sensing 
pen and a position detecting circuit. The position detect- 
ing circuit includes a waveform generator, a filter, an am- 
plifier, an envelope detector, a zero voltage detector and a 
controller. 

[0011] The waveform generator generates an input signal; the in- 
put signal moves a position of a zero voltage on the sens- 
ing pad in a predetermined direction gradually. The filter 
receives a sensing signal sensing by the sensing pen, and 
filters and outputs the sensing signal. The amplifier, cou- 
pled to the filter, receives and amplifies the filtered sens- 
ing signal. The envelope detector, coupled to the ampli- 
fier, detects the filtered-amplified sensing signal and 
generates an envelope signal. The zero voltage detector, 
coupled to the envelope detector, receives the envelope 
signal and generates an output signal; the output signal is 
capable of determining when a zero voltage occurs. The 
controller, coupled to the waveform generator and the 
zero voltage detector, controls the waveform generator to 
generate the input signal and determines a position of the 
sensing pen on the sensing pad responsive to the output 
signal from the zero voltage detector. 



[0012] In an embodiment of the present invention, tlie position 
detecting circuit furtlier comprises a multiplexer for 
switch-inputting the input signal between a horizontal di- 
rection and a vertical direction of the sensing pad. 

[0013] In an embodiment of the present invention, the waveform 
generator includes two digital-to-analog converters gen- 
erating the input signal moving the position of the zero 
voltage on the sensing pad in the predetermined direction 
gradually. 

[0014] In an embodiment of the present invention, the position 
of the zero voltage moves back and forth in the predeter- 
mined direction in order to compensate the possible error 
made by the zero voltage detector when determining the 
position of the sensing pen. 

[0015] In an embodiment of the present invention, the zero volt- 
age detector is a comparator. 

[0016] The present invention is also directed to a position de- 
tecting methodfor a touch pad including a sensing pad 
and a sensing pen. In the present embodiment, a input 
signal is input, wherein the input signal is capable of 
gradually moving a position of a zero voltage on the sens- 
ing pad in a predetermined direction; and a position of 
the sensing pen on the sensing pad is determined based 



on a timing wlien a zero voltage of a sensing signal of tlie 
sensing pen occurs. 

[0017] In an embodiment of tlie present invention, the input sig- 
nal is input via a switch between a horizontal direction 
and a vertical direction of the sensing pad. 

[0018] In an embodiment of the present invention, the position 
of the zero voltage moves back and forth in the predeter- 
mined direction. 

[0019] In light of the above, the touch pad and the position de- 
tecting circuit and method thereof, according to an em- 
bodiment of the present invention, do not require the 
analog-to-digital converter. The resolution can be easily 
expanded by changing the gradient of moving the posi- 
tion of the zero voltage on the sensing pad by the input 
signal generated by the waveform generator. Hence, the 
cost, the preciseness, and the specification can be easily 
controlled. 

[0020] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 
appended claims. 



Brief Description of Drawings 



[0021] FIG. 1 is a simplified diagram of a toucli pad. 

[0022] FIG. 2 is a waveform of tlie toucli pad of FIG. 1 during the 
input operation. 

[0023] FIG. 3 shows a block diagram of the touch pad and a po- 
sition detecting circuit thereof in accordance with an em- 
bodiment of the present invention. 

[0024] FIG. 4 shows a waveform of the input signal generated by 
a waveform generator in accordance with an embodiment 
of the present invention. 

[0025] FIG. 5 shows an electrical field distribution of the sensing 
padFIG. 6 shows axes of the sensing pad. 

[0026] FIG. 7 shows a input and an output waveforms of the zero 
voltage detector in accordance with an embodiment of the 
present invention. 
Detailed Description 

[0027] FIG. 3 shows a block diagram of the touch pad and a po- 
sition detecting circuit thereof in accordance with an em- 
bodiment of the present invention. Referring to FIG. 3, the 
touch pad 300 includes a sensing pad 310, a sensing pen 
320 and a position detecting circuit. The position detect- 
ing circuit includes a waveform generator 330 including 



two digital-to-analog converters 331 and 332, a filter 
340, an amplifier 350, an envelope detector 360, a zero 
voltage detector 370 (e.g., a comparator 371), and a con- 
troller 380. 

[0028] In addition, because the touch pad 300 is a two- 
dimensional touch pad, the sensing pen 320 can move in 
the vertical and horizontal directions of the sensing pad 
310. Hence, the position detecting circuit can further in- 
cludes a multiplexer 390 for switch-inputting the input 
signal generated by the waveform generator 330 between 
the horizontal direction and the vertical direction of the 
sensing pad 310 in order to alternately detect the position 
of the sensing pen 320 on the sensing pad 310 in the 
horizontal direction and the vertical direction. Because the 
detection of the position of the sensing pen 320 on the 
sensing pad 310 in the horizontal direction and the verti- 
cal direction is similar, the following description will only 
illustrate the operation when the multiplexer 390 is 
switched to the horizontal direction of the sensing pad 
310, i.e., the operation when the input signal is sent to 
points X+ and X- of the sensing pad 310. 

[0029] FIG. 4 shows the waveform of the input signal generated 
by the waveform generator in accordance with an embodi- 



ment of the present invention. In FIG. 4, the whole detect- 
ing process is divided into nine time slots. In each time 
slot points X+ and X- will send out two square waves. The 
square wave has different magnitudes, including V, 3V/4, 
2V/4, V/4, 0, -V/4, -2V/4, -3V/4, and -V. In the positive 
half waveform of time slot 1, the magnitude of the voltage 
of point X+ is V; the magnitude of the voltage of point X- 
is 0. Hence, the electrical field distribution of the sensing 
pad 310 is shown as FIG. 5(a); the position of zero voltage 
is on the axis A of FIG. 6. In the negative half waveform of 
time slot 1, the magnitude of the voltage of point X+ is - 
V; the magnitude of the voltage of point X- is 0. Hence, 
the electrical field distribution of the sensing pad 310 is 
shown as FIG. 5(b); the position of zero voltage is on the 
axis A of FIG. 6. Therefore, in time slot 1, the position of 
zero voltage is on the axis A of FIG. 6. 
[0030] In the positive half waveform of time slot 2, the magni- 
tude of the voltage of point X+ is 3V/4; the magnitude of 
the voltage of point X- is V/4. Hence, the electrical field 
distribution of the sensing pad 310 is shown in FIG. 5(c); 
the position of zero voltage is on the axis B of FIG. 6. In 
the negative half waveform of time slot 2, the magnitude 
of the voltage of point X+ is -3V/4; the magnitude of the 



voltage of point X- is V/4. Hence, the electrical field dis- 
tribution of the sensing pad 310 is shown as FIG. 5(d); the 
position of zero voltage is on the axis B of FIG. 6. There- 
fore, in time slot 2, the position of zero voltage is on the 
axis B of FIG. 6. 

[0031] Likewise, in time slot 3, the electrical field distribution of 
the sensing pad 310 is shown in FIG. 5(e) and (f); the po- 
sition of zero voltage is on the axis C of FIG. 6. In time 
slot 4, the electrical field distribution of the sensing pad 
310 is shown in FIG. 5(g) and (h); the position of zero 
voltage is on the axis D of FIG. 6. In time slot 5, the elec- 
trical field distribution of the sensing pad 310 is shown in 
FIG. 5 (i) and (j); the position of zero voltage is on the axis 
E of FIG. 6. In time slot 6, the electrical field distribution 
of the sensing pad 310 is shown in FIG. 5(g) and (h); the 
position of zero voltage is on the axis D of FIG. 6. In time 
slot 7, the electrical field distribution of the sensing pad 
310 is shown in FIG. 5(e) and (f); the position of zero volt- 
age is on the axis C of FIG. 6. In time slot 8, the electrical 
field distribution of the sensing pad 310 is shown in FIG. 
5(c) and (d); the position of zero voltage is on the axis B 
of FIG. 6. In time slot 9, the electrical field distribution of 
the sensing pad 310 is shown in FIG. 5(a) and (b); the po- 



sition of zero voltage is on the axis A of FIG. 6. 

[0032] Therefore, when detecting the timing when the zero volt- 
age occurs, it can determine that the position of the sens- 
ing pen is at one of the axes A, B, C, D, and E. In this em- 
bodiment, the position of the sensing pen 320 is detected 
twice at one of the axes A, B, C, D, and E in the whole 
scanning period. The purpose of doing so is to average 
the result in order to compensate the possible error gen- 
erated by the zero voltage detector 370. Of course it also 
can be done by scanning several times and doing statis- 
tics to enhance the preciseness. 

[0033] Referring to FIG. 3, the filter 340 receives a sensing signal 
sensed by the sensing pen 320, and filters and outputs 
the sensing signal. The amplifier 350 receives and ampli- 
fies the filtered sensing signal. The envelope detector 360 
detects the filtered-amplified sensing signal and gener- 
ates an envelope signal Vin as shown in FIG. 7. The enve- 
lope signal Vin as shown in FIG. 7 is assumed to be gen- 
erated when the position of the sensing pen 320 is at the 
axis D of FIG. 6. At this time, the position of the zero volt- 
age occurs at time slots 4 and 6. 

[0034] As shown in FIG. 3, the envelope signal Vin enters into the 
positive input terminal of the comparator 371. The nega- 



tive input terminal of tlie comparator 371 will receive the 
zero voltage reference signal Vref. Hence, the output ter- 
minal of the comparator 371 will output the output signal 
Vout, which can determine the timing when the zero volt- 
age occurs. The controller 380 can determine the position 
of the sensing pen 320 on the sensing pad based on the 
output signal Vout of the comparator 371. In this exam- 
ple, when the controller 380 finds that the falling edge 
and the rising edge of the output signal Vout occur at 
time slots 4 and 6 respectively, it can determine that the 
sensing pen 320 is at the axis D of the sensing pad. 
[0035] It should be noted that although the above embodiment 
divides the whole scanning process into nine time slots 
and in each time slot points X+ and X- will send out two 
square waves, the number of the square waves sent at 
points X+ and X- can be changed based on the need. In 
addition, the number of the time slots depends on the re- 
quired resolution. For example, if the required resolution 
is 256, the number of the time slots of the above embodi- 
ment is 256x2-1 = 511 time slots. Hence only a 8-bit 
digital-to-analog converter or a voltage divider circuit 
with eight resistors are required. Therefore, the resolution 
can be easily expanded in accordance with an embodi- 



ment of the present invention, and the cost, the precise- 
ness, and the specification can be easily controlled. 
[0036] Based on the above description, a position detecting 

method is also provided. This position detecting method 
is suitable for a touch pad including a sensing pad and a 
sensing pen. The position detecting method comprises: 
inputting an input signal, wherein the input signal is ca- 
pable of gradually moving a position of a zero voltage on 
the sensing pad in a predetermined direction; and deter- 
mining a position of the sensing pen based on a timing 
when a zero voltage of a sensing signal of the sensing pen 
occurs. 

[0037] In an embodiment of the present invention, the input sig- 
nal is input via switch between a horizontal direction and 
a vertical direction of the sensing pad. 

[0038] In an embodiment of the present invention, the position 
of the zero voltage moves back and forth in the predeter- 
mined direction. 

[0039] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalents may be made by those skilled in the art with- 
out changing the scope or spirit of the invention. Accord- 



ingly, the above description and illustrations should not 
be construed as limiting the scope of the invention, which 
is defined by the following claims. 



